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The Precautionary Principle
The PP emerged in the 1970s in Germany to address ecological issues. The belief was that governments and regulatory agencies should anticipate potential harms and prevent them from occurring 5 . The PP is applied "when an activity raises threats of harm to human health or the environment... even if some cause and effect relationships are not fully established scientifically" 6 (p. 871).
The PP fits into a wide ethical perspective. The aim is to develop public health protective measures in face of scientific uncertainties 7 . The PP is concerned with preventive measures necessary to avoid the harmful consequences of an intervention 8 . This differs from the risk-management approach that seeks to establish tolerable harm-thresholds for an intervention. Public health and preventive medicine tend to operate on the reactive principle. According to Kriebel 9 (p. 872), the reactive principle requires "high degree of certainty of harm before preventive action is taken". To change from a reactive to a precautionary principle stance, the PP's four main components should guide decision-making processes 6 : (1) Preventive measures must be adopted to avoid harmful consequences of an intervention in face of scientific uncertainty; (2) Intervention proponents are accountable for providing the evidence of its effectiveness and safety; (3) Policymakers should first explore harmless alternatives; (4) The decision-making process should increase public participation.
The PP has already been explored in medical context. For instance, Wilson et al. 10 discuss its application in blood transfusion. The PP was then applied to protect patients from acquiring bloodtransmitted diseases via blood transfusion at a time of scientific uncertainty. According to Martuzzi 5 , the PP has in part embraced the bioethical principle of non-maleficence, commonly applied in clinical care. However, clinical care is an ethically complex situation and substantially different from prevention 11 . Thus, applying the PP when taking care of patients with more serious illnesses can have the opposite effect 12 . This is not the case of PP in additive preventive measures, when patients are asymptomatic, i.e., healthy. In these situations, the principle of non-maleficence should prevail 13 .
Goldstein 7 argues that the PP should be considered in public health initiatives. In this regard, preventive additive measures should be the locus for employing PP more systematically. However, PP has received little attention when considered common preventive activities, performed at primary health care through public health programs such as vaccinations, screening and the use of preventive-drugs. Additionally, assessment of current preventive recommendations is also embedded in PP concept. Advancements in scientific knowledge and evidence may indicate that a common practice is no longer safe to be recommended. For instance, hormone replacement therapy as primary prevention for cardiovascular events and osteoporosis has probably caused more harm than good 14 . This might not have been the case if the PP had been considered. Thus, PP is an important conceptual-tool to operationalize P4. Nevertheless, several additive preventive measures are being routinely performed on millions of people.
Evidence on breast cancer screening
After decades of major technological developments in mammography, computation, statistics and therapy, new clinical trials and observational studies have dramatically changed the breast cancer screening context (Box 1): (a) meta-analyses of clinical trials have only showed 10% to 15% reduction in breast cancer mortality, being nil in the best clinical trials. This means an insignificant absolute risk reduction in breast cancer mortality; (b) reduction in the incidence of severe forms of the disease has not been observed in the screened population, as screening programmes tend to select slower or less aggressive forms of disease (length time bias); (c) high occurrence of overdiagnosis and overtreatment: for every woman who has her death avoided from breast cancer, about three are diagnosed with a cancer that would never have become life-threatening; (d) screened women have an increased relative mortality risk from heart disease (27%) and lung cancer (78%) due to radiotherapy; and (e) studies comparing screened versus non-screened populations showed no difference in breast cancer mortality. Most declines in breast cancer mortality seem to stem from therapeutic improvements rather than screening programmes.
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Applying the Precautionary Principle to breast cancer screening
The requirements for regulatory agencies appear to be consistent with the PP's second component. Their protocol requires high levels of evidence, based on clinical trials and their metanalysis, for getting the approval of medicines and other products. Considering current evidence on breast cancer screening, how would the PP guide a decision-making process? Firstly, based on PP's components one and two, the recommendation on breast cancer screening should change. The scientific uncertainty about its benefit and known potential harms warrants this measure. For instance, the U.S. Preventive Services Task Force 15 should downgrade its recommendation on breast cancer screening from "Bthe net benefit is moderate to substantial" to "C -the benefit is small", or even "D -no net benefit or the harms outweigh the benefits" in accordance with the best clinical trials and observational studies (Box 1) and as proposed by the Swiss Medical Board 16 . Secondly, component three would require an alternative approach to breast cancer screening. This includes preventive measures aiming at overall health improvements and strategies to boost timely diagnosis through strong primary health care services. Finally, component four (i.e., public participation) should consider two dimensions:
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(1) institutional and scientific preventive committees; and (2) service delivery. The former should have a wider socialization process about their recommendations to improve informed decision to policymakers. The broad public and scientific consultation process on breast cancer screening in France stands out as an example of such initiative 17 . Additionally, rigorously quality-assured and evidencebased screening programmes should inform their target population about the potential harms and benefits of screening. Educational and decision-aiding materials should not biasedly promote screening but inform about its pros and cons 18 . This would help to empower women and their clinicians to build shared decisions. On the service delivery, health professionals and patients need to improve their statistical literacy 19 , a prerequisite for active participation and informed decision. Few patients understand the basic health statistics. This partial information tends to permeate clinicians-patients decision-making processes. In this regard, it is necessary to have a strict control on vested economic interests in producing and processing biomedical evidence 20, 21 .
Conclusion
Public health needs to highlight the distinctive nature of additive preventive measures and apply the PP to guide P4 within preventive initiatives. Although there is little disagreement that non-maleficence should prevail in additive preventive measures, reality shows otherwise. Vested interests and conceptual misunderstanding around preventive initiatives are producing serious harms to many people, as exemplified by overdiagnosis and overtreatment phenomenon 22 . Thus, conceptual developments on prevention and research need to be fostered to guide policymakers in the production of institutional guidelines. This would build legitimacy and systematic application for the PP to additive preventive measures. 
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